ABSTRACT : Forty-four Gansu Alpine Fine-wool lambs were used to study changes in the activities of three gastric and five pancreatic enzymes under grazing conditions between 0 and 56 days of age. The lambs were slaughtered on days 0, 3, 7, 14, 21, 28, 42 and 56, the abomasal contents, mucosa and pancreas were immediately removed and placed into liquid nitrogen and enzyme activities were determined. Gastric enzyme (chymosin, pepsin and pregastrc esterase) activities were relatively high at birth, especially chymosin, but decreased quickly between day 0 and 21. The activity of pepsin changed insignificantly with increasing age. There was no significant change in the pancreatic enzyme activities (trypsin, chymotrypsin, α-amylase, lipase and lactase). The activity of trypsin was relatively higher than that of the other pancreatic enzymes, and lactase activity was low. These ontogenic patterns might be under the control of many gut regulatory peptides, the plasma concentrations of which changed simultaneously. Some gastric and pancreatic enzymes were correlated with plasma concentrations of these gut regulatory peptides.
INTRODUCTION
During the first post-natal months, the young ruminant is faced with three types of situations requiring physiological and digestive adaptation: adaptation to the extra uterine environment, maintenance in an extended preruminant stage and weaning (Thivend et al., 1980) . The effects of age on pancreatic secretions have been more thoroughly investigated in monogastric animals (Corring et al., 1978; Kretchmer, 1985) than in ruminant species Guilloteau et al., , 1985 . However, few studies report effects of age on gastric enzyme secretions in young mammals (Walker, 1959; Hartman et al., 1961; Henschel, 1973; Foltmann et al., 1981) . There are some reports on digestive physiology for non-grazing lambs; for example, it is generally acknowledged that the pre-ruminant abomasum characteristically secretes large amounts of chymosin, which, with pepsin and hydrochloric acid, coagulates milk casein. At 2 days of age there is a threshold of development of enzyme secretion potentiality in lambs. Quantities of gastric enzymes in relation to empty live weight increase between birth and 2 days, but that of chymosin then decreases, whereas pepsin does not change significantly. The evolution of pancreatic enzyme activity was usually the reverse of that of chymosin; however, trypsin activity was low at birth . But very few studies report on digestive physiology for grazing lambs, and especially in grazing lambs distributed over a plateau at 2,600 m above sea level.
In China, lambs usually stay with their mothers until weaning of non-grazing lambs at the age of two months and of grazing lambs usually at the age of four months. In our experiment, the animals were Gansu Alpine Fine-wool sheep, which are distributed over the northern slope of the east Qilian mountains at the border of Gansu and Qinghai (101°45'E, 37°53'N). The area is a cold alpine pastoral range, and belongs to sub-alpine meadow and mountain rangeland. The altitude ranges from 2,600 m to 3,500 m, even to 4,000 m, and the cold season is longer and there is shortage of pasture forage. Gansu Alpine Fine-wool sheep are a special breed grazing on the plateau at 2,600 m above sea level. The study indicated that grazing lambs had a lot of grass in the rumen at 7 days post-partum, which means that at 7 days of age the lambs can eat solid food but are still maintained in the pre-ruminant state until day 28. Solid food enters the rumen, and an increasing amount of microbial digestion is observed together with increased development of the forestomachs. At the end of weaning (4 months old), lambs are no longer pre-ruminant but ruminant. Depending on the feeding conditions, i.e., milk or solid food, substantial differences in the enzyme activities along the digestive tract occur between these two quite different physiological situations. The lamb, therefore, is an interesting model for investigating the effects of development on digestive functions, and studies can result in useful parameters on digestive physiology for grazing lambs on the plateau, regardless of the nutritional substrates involved.
The present work aimed to study the patterns of abomasal and pancreatic enzyme secretions in grazing lambs. The development of gastric and pancreatic digestive functions was tentatively correlated with changes in the plasma concentrations of five gut regulatory peptides.
MATERIALS AND METHODS

Study site description
The animals were from Huangcheng sheep breeding testing farm of Gansu, China. The farm was the first breeding farm for Gansu Alpine Fine-wool sheep which is located at Huangcheng District in the Sunan Yugu autonomous county of Gansu Province of China, which is on the northern slope of the east Qilian mountains at the border of Gansu and Qinghai (101°45'E, 37°53'N). The area is cold alpine pastoral range and belongs to sub-alpine meadow and mountain rangeland. The altitude is from 2,600 m to 3,500 m, even up to 4,000 m. The climate is variable over the year and 4 seasons are not clear. Plateau mainland climate, winds and dryness. The climatic characteristics during the year are drought and cold in winter, warm and humid in summer. Mean annual temperature is 0.6 to 3.8°C, the highest is 31°C in July, and lowest is -29°C in January. Annual sunshine hours are 2,272 h. The absolute frost-free period is 45 to 60 days. Mean annual rainfall is 361.6 mm, annual evaporation is 1,111.9 mm, mean annual relative humidity is 38% to 58%. The natural grass sprouts in April and dies in September, the wilt period of pasture is above 7 months. The soil type is kastanozem, mountain phaeozem and cinnamon soil. The soil is fertile, and water is abundant. The types of natural grassland are grass family, sedge family, weeds of grass family and sedge family and scrub weeds. The vegetation mainly consists of grass family and sedge family as well as a few pea family.
Animals and feeding
There were about 10,000 Gansu Alpine Fine-wool lambs in a breeding flock single born between April 22 and May 22 in 2007. Lambs suckled their dams and grazed on native grassland pasture, with no additional feed. Animals were penned at pasture at night without access to feed and water. There were no feed supplements, but a salt mineral mix was provided to the lambs throughout the year; animals had access to water only once a day. Lambs were not weaned until 4 months old, and therefore they remained with their dams throughout the lactation period. Forty-four single-born male lambs obtained at birth from the herd were randomly distributed into eight groups ( of grazed pasture is presented in Table 2 .
Tissue sampling
On the day of slaughter at 3, 7, 14, 21, 28, 42 and 56 days of age the lambs were fed as usual; the lambs slaughtered at 0 d of age were fed nothing. Lambs were removed from their dams at approximately 09:00 h, transported to the research laboratory and final weights were obtained and recorded. Lambs were slaughtered by severing the jugular vein. The abdominal cavity was opened and the entire gastrointestinal tract was removed. The pancreas was carefully dissected free, cleaned of extraneous tissue, weighed, wrapped in pledget and immediately placed into liquid nitrogen. The abomasum was cut open, 100 to 200 g abomasal contents were collected and put into liquid nitrogen, then emptied of its contents, rinsed with ice-cold isotonic saline, gently blotted with filter paper, defatted, weighed and spread out onto a glass plate lying on ice. Finally, the abomasal mucosa of the cardiac, fundic and pyloric gland regions were scraped off with a glass slide, and put into liquid nitrogen. All the frozen samples were subsequently stored at -80°C until use.
Sample preparation
The abomasal mucosa and pancreas were all minced with scissors, and homogenized in 5 volumes of ice-cold 0.4 M KCl (W/V = 1:5) for 45 s in an ice-cold vessel (4°C overnight). The homogenate was centrifuged at 15,000 g (4°C for 20 min), and aliquots of the supernatant were stored at -80°C.
Enzyme analyses
The homogenate of abomasal mucosa was analyzed for chymosin activity using the method described by Arima (1967) . Pepsin activity and pregastric esterase activity were determined by spectrophotometry using bovine haemoglobin and olive oil, respectively, as substrates. The activities of pancreatic trypsin and chymotrypsin were determined by spectrophotometry using benzoyl-Larginine-p-nitroanilide and N-glutaryl-L-phenylalanine-pnitroanilide, respectively, as substrates. Lipase activity was determined by spectrophotometry using olive oil as a substrate. The α-amylase and lactase activities were assayed using starch and ONPG (o-nitrophenyl-β-D-galactoside), respectively, as substrates.
The results are expressed as enzyme quantities per milligram of tissue protein content for all the enzymes.
Plasma gut regulatory peptide analysis
Blood was collected on EDTA (4%) from an external jugular vein at 9:00 h on the morning before slaughter. Plasma samples were stored at -20°C and concentrations of five gut regulatory peptides were subsequently determined by ELISA methods.
Statistical analysis
Variance analysis was used to assess the effects of age, and Tukey's test was used to classify the means. Correlation coefficients were used to study the relationships between enzyme activities and plasma concentrations of the gut regulatory peptides. Values were considered to be significant at p<0.05.
RESULTS
Development of abomasum pH
pH either in abomasal contents or in gland region mucosa was highest at birth and then decreased with increasing age (except for a high value at 28 d in contents), but remained within the optimal range for enzyme activity. pH was generally similar in each gland region mucosa (Table 3) .
Abomasal enzymes
In lambs, the specific activity of chymosin in abomasal contents was highest at birth, but tended to decrease between 0 and 56 d, possibly due to dilution by the intake of milk and grass. There were more differences in enzyme activity of abomasal contents among individuals, possibly affected by enzyme secretion, milk and grass intake. At d28, d35 and d42 the enzyme activity was high for unknown reasons. Between days 0 and 14 the specific activity of chymosin was high in both contents and mucosa, and thereafter it decreased. Between days 0 and 14 the specific activity was lower in the mucosa of the fundic gland region than in the cardiac and pyloric gland regions, and was similar in all regions thereafter except for d28 in the cardiac gland region (Table 4) .
Compared to chymosin, the specific activity of abomasal pepsin was lower. Pepsin activity was high at birth and increased little with increasing age. There was a little difference in different gland region, in fundic gland region mucosa which was highest, and in pyloric gland region was lowest;and in contents which was lowest because of milk and grass diluted (0.003 to 0.009 U/mg protein) (Table 5) . Pregastric esterase activity in abomasal contents was high at birth, and decreased thereafter by milk and grass diluted. In d28 it tended to increase. The enzyme is secreted by the tongue root. It seemed that the secretion capacity had little change from day 0 to 56 (Table 6) .
Pancreatic enzymes
The specific activity of trypsin was higher than that of α-amylase, chymotrypsin and lipase. Lactase activity was low. The specific activity of all the tested pancreatic enzymes fluctuated with increasing age except that of chymotrypsin which tended to increase after d14.
Plasma concentrations of gut regulatory peptides
In lambs, considerable changes in the plasma concentrations of gastrin, GIP, CCK, and sectin (Table 8) 
Correlation analyses
No significant correlation was found between plasma concentrations of CCK,secretin, PP, gastrin, GIP and chymosin activity in the contents (p>0.05). By contrast, significant positive correlations were observed between plasma concentrations of CCK, secretin, gastrin, GIP and the chymosin activity in the mucosa of the cardiac, fundic and pyloric gland regions (p<0.01 or p<0.05), while significant negative correlation was recorded between plasma concentration of PP and the chymosin activity in the mucosa of the fundic and pyloric gland regions (p<0.01 or p<0.05). Significant negative correlations were found between plasma concentrations of CCK, secretin, gastrin, GIP and pepsin activity in the contents (p<0.05). Only plasma concentration of GIP was positively correlated with the specific activity of pepsin in the mucosa of the pyloric gland region (p<0.05). The plasma concentration of PP was positively correlated with the specific activity of pepsin in the mucosa of the cardiac gland region while negatively correlated with the pyloric gland region (p<0.05). Significant negative correlations were recorded between the plasma concentrations of CCK, secretin, gastrin and pregastric esterase activity of the contents (p<0.05), and no significant correlation was observed between the plasma concentrations of PP, GIP and pregastric esterase activity (p>0.05).
The plasma concentrations of CCK, secretin, PP, gastrin and GIP were all positively or negatively correlated with the specific activity of chymotrypsin (p<0.01 or p<0.05). The plasma concentrations of CCK and GIP were negatively correlated with the activity of lactase (p<0.05). Moreover, negative correlation was observed between α-amylase activity and the plasma concentration of secretin (p<0.05). No significant correlation was found between the plasma concentrations of CCK, secretin, PP, gastrin, GIP and the lipase, trypsin activities (p>0.05).
DISCUSSION
Grazing condition and grazing pasture
Gansu Alpine Fine-wool sheep grazes on alpine cold pastoral range which belongs to sub-alpine meadow and mountain rangeland. The altitude is from 2,600 m to 3,500 m, even to 4,000 m. The climate is plateau mainland climate, winds and dryness. The climatic characteristics in a year are drought and cold in winter, warm and humidity in summer. Mean annual temperature is 0.6 to 3.8°C, the highest is 31°C in July, and lowest is -29°C in January. Annual sunshine hours are 2,272 h. The absolute frost-free period is 45 to 60 days. Mean annual rainfall is 361.6 mm, annual evaporation is 1,111.9 mm, mean annual relative humidity is 38% to 58%. The natural grass sprouts in April and dies in September, the wilt period of pasture is above 7 months. The soil type is kastanozem, mountain phaeozem and cinnamon soil. The types of natural grassland are grass family, sedge family, weeds of grass family and sedge family, scrub weeds. The vegetation mainly consists of grass family and sedge family as well as a few pea family.
Lambs suckle their mothers and graze on native grassland pasture, with no additional feed. Animals are penned at pasture at night without access to feed and water. There are no feed supplements, but a salt mineral mix is provided to lambs throughout the year, animals have access to water only once a day. Lambs are not weaned until 4 months old.
The abomasal pH
The pH changed from 2.96 to 4.7 in the abomasal contents and from 2.8 to 4.8 in the mucosa.The pH was relatively low in the mucosa of the fundic gland region. The pH of pancreas didn't change with increasing age. The results agree with previous findings in young ruminants (Gorrill et al., 1967) . But these are the first for lambs on pasture in China.
Change of abomasal enzyme activities
All the enzyme activities recorded in the abomasum were high at birth, agree with the results reported by previous reports (Huber, 1969; Era Berinkovd, 1988) . Pepsin activity was lower than that of chymosin.This finding confirmed the importance of chymosin in milk clotting, because its activity level was 100-200% higher than that reported for pepsin (Raymond et al., 1973) . Pepsin activity tended to increase with increasing age, but chymosin activity reversed. After d14 chymosin activity in the mucosa decreased sharply. The results agree with the most reports about chymosin of calves abomasal mucosa (Andren, 1980; Valles, 1980) , contents , gastric juice (Alais, 1963; Hill et al., 1970; Kirton et al., 1971; Hagyard and Davey, 1972) and lambs abomasal mucosa (Guilloteau, 1983) , but disagree with Garnot . The decreasing chymosin activity may be the increasing grass intake and decreasing milk intake after d14, which weaken the stimulus of abomasum resulting in the decrease of chymosin secretion. According to the previous reporting, milk (most probably its casein fraction) is responsible for the activation of chymosin secretion . Pepsin activity in abomasal contents was relatively high and decreased to the lowest at d3, possibly because of dilution by milk intake, and thereafter it began to increase. The development of secretion potentiality of abomasum appeared to depend on age and intake. In the testing, pepsin activity in the mucosa of the cardiac and fundic gland regions was higher than that in the pyloric gland region. As a whole, the changes of pepsin activity agree with previous findings in young ruminants Isabelle et al., 1992) . Pregastric esterase activity was high at birth, at d 3 which decreased by dilution of milk intake and increased a little after d 28. It appeared that the secretion potentialities of root of tongue changed little between d 0 and 56.
Change of pancreatic enzyme activities
Trypsin, chymotrypsin are all secreted by pancreas. It also secretes carboxypeptidases, nucleic acid enzyme and so on. All those enzymes flow into small intestine through bile duct along with pancreatic liquid. It reported that pancreatic proteolytic enzyme contributes approximately 72% of the protein in pancreas. Trypsin and chymotrypsin activities were 6-fold of the summation of α-amylase, lactase as well as lipase, and erepsin secreted by small intestine epithelia, so the digestibility of protein was very strong. The pancreas was relatively mature at birth, but the relative weight (% body weight) of it was still growing, and the function was increasing after d 21. Trypsin activity changed little with increasing age,but chymotrypsin activity tended to increase after d 14. Lipase activity existed at birth but change little with age. Under grazing conditions, the dietary contain more fat only in the period of suckling. The fat in the grass is about 1% to 4%, which is hydrolyzed by rumen microorganism into digestible fatty acid (salt) and flows into small intestine. Lipase activity in pancreas and small intestine mucosa increased little with increasing age, but still digested the fat in the diet. Pancreatic lactase activity was high at birth, but was lower than that in small intestine mucosa. Disaccharidases (lactase and maltase) are mainly secreted by small intestine mucosa and epithelium. α-Amylase is secreted by pancreas and small intestine.
According to the reports, in young pigs and calves, α-amylase was low at birth and increased with age. The dietary of weaning animals doesn't add starch generally. In the present study, the animals were grazing lambs, starch in the dietary was very little, but α-amylase activity was observed in pancreas at birth. Pancreatic activity was greater than that in small intestine mucosa. Pancreatic α-amylase activity had insignificant change with increasing age.
Relationships with gut regulatory peptides
Significant change was observed in plasma concentrations of gut regulatory peptides. High concentrations of gastrin, CCK and secretin at d3, and GIP at 7 d in plasma were observed. Thereafter they decreased and at d 42 reached the lowest point. By contrast, the concentration of plasma PP was relatively low at birth and increased with age and by d42 it reached the highest. The changes of all plasma gut regulatory peptides tested were consistent with the change of the rumen function. Adaptation of chymosin activity to dietary changes under the grazing conditions may be influenced by the decrease of CCK, secretin, gastrin, GIP, or increase of PP concentrations. In the present study, all the tested plasma concentrations of gut regulatory peptides seemed to be involved in the regulation of abomasal mucosa chymosin activity, because it was highly correlated with abomasal mucosa chymosin activity. And the change of CCK, secretin, gastrin and GIP were consistent with the change of chymosin activity. All of them decreased with increasing age, while PP reversed. On the contrary, all the tested plasma concentrations of gut regulatory peptides did not seem to be involved in the regulation of pepsin and pregastric esterase activities, because they had little correlation with the specific activity of them. This disagreed with previous reporting (Daviccon et al., 1980; Pierzynowski et al., 1991) , maybe influenced by the management system (grazing) or the time of blood collection. The plasma concentrations of all the tested plasma gut regulatory peptides may have decisive, but opposite, influences on pancreatic chymotrypsin is supported by the correlations observed with the pancreatic chymotrypsin. But they did not seem to be involved in the regulation of pancreatic trypsin and lipase, because they were little correlated with trypsin and lipase activities. Only secretin seemed to be involved in the regulation of pancreatic α-amylase because they negatively correlated with each other. CCK, GIP seemed to be involved in the regulation of pancreatic lactase because they were negatively correlated with each other (but we didn't find reports at present), because lactase always be deemed to be secreted by small intestine mucosa. But in the present study considerable lactase activity was observed.
CONCLUSION
pH was acidic in abomasum (relatively lower in fundic gland region) and alkaline and stable in pancreas. α-Amylase, lactase, lipase, trypsinase and chymotrypsin activities were observed in pancreas at birth, and changed little with increasing age. The concentrations of gastrin, GIP, CCK, and secretin in plasma tended to decreasing with increasing age, and PP tended to increase. The correlation between the concentration of pancreatic polypeptide and other regulatory peptide concentrations seemed to be negative. Gastrin, GIP, CCK, and secretin may play a positive regulatory function to chymotrypsin activity in abomasum, while pancreatic polypeptide had a negative regulatory function. The tested plasma regulatory peptides were insignificantly correlated with pepsin and pregastric esterase activities in abomasum. The plasma regulatory peptides correlated with chymotrypsin activity in pancreas positively or negatively; PP positively regulates α-amylase activity in pancreas; GIP and CCK negatively regulate the lactase activity in pancreas.
